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AnnulationTransition-metal-catalyzed isoquinoline synthesis that proﬁts from the strategy of chelation-assisted
CH activation has ﬂourished over the past decade. By virtue of the directed CH bond cleavage of
imines, amines, amidines, oximes, hydroximoyl halides, hydrazones, or azines, diverse isoquinoline
derivatives have been accessed from alkynes, conjugated dienes, or diazo compounds under the catalysis
of rhodium, ruthenium, palladium, nickel, or manganese. This digest summarizes the annulation reac-
tions via chelation-assisted CH activation leading to isoquinolines, isoquinolinium salts, or isoquinoline
N-oxides.
 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
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Isoquinoline represents a privileged core structural motif that
occurs in biologically active alkaloids with, among others,
antitumor, antimalarial, or anti-inﬂammatory activities.1 The iso-
quinoline skeleton is also found in a wide variety of synthetically
and functionally valuable compounds such as chiral ligands,2phosphorescent materials,3 and ﬂuorosensors.4 Consequently, this
important nucleus has continuously provided a driving force for
chemists to develop ever-increasingly efﬁcient methods for its
synthesis.
Traditional approaches to isoquinolines, typically including the
well-established Bischler–Napieralski, Pomeranz–Fritsch, and
Pictet–Gams reactions, often suffer from highly preactivated
substrates, harsh reaction conditions (i.e., strongly acidic media,
high temperatures, etc.), and poor functional group tolerance.5 Pro-
gresses have been made in addressing these issues by the groups of
Larock,6a Liang,6b Wu,6c Zhang,6d and Wang and Lu,6e who devel-
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oximes, benzyl azides, or benzacetals (tosyl azide as a nitrogen
source), and those of Larock7a,b and Cheng,7c who disclosed the
Pd- or Ni-catalyzed annulations of 2-halobenzaldimines with
alkynes. These improved methods generally feature broader sub-
strate scopes, milder reaction conditions, and better functional
group compatibilities. However, the preinstallation of the
ortho-alkynyl or -halo groups in the substrates inherently limits
the synthetic efﬁciency and narrows the product diversity.
Therefore, alternative protocols that exploit unreactive ortho-
CH bonds and allow the use of minimally prefunctionalized start-
ing materials would ﬁt better with the principles of atom- and
step-economy. In line with this, chemists continued to devise novel
synthetic methodologies based on direct CH activation.8 During
the past decade, isoquinoline synthesis has achieved great
success; ortho-prefunctionalization is no longer necessary. Diverse
isoquinoline derivatives have been accessed from a wide range of
substrates by chelation-assisted transition-metal-catalyzed
activation of CH bonds with varied degrees of success.
Synthesis of isoquinolines via CH activation
Chelation-assisted CH activation followed by insertion of an
unsaturated molecule such as alkyne and alkene offers a regiose-
lective and straightforward method for CC bond construction.
In the process of such CH activation reactions, nitrogen-contain-
ing chelating groups have been commonly utilized to direct a
metal complex to the speciﬁc proximal CH bond, while these
nitrogen atoms have often not been involved in the new bond for-
mation.9 Recently, incorporation of the directing nitrogen atoms
into the N-heterocycles has been realized with methods that
capitalize on CH activation, leading to the expedient synthesis
of isoquinolines.
From imines
Seminal work was initiated in 2003 by Jun et al. who demon-
strated the Rh(I)-catalyzed cyclization of N-benzyl aromatic keti-
mines with diphenylacetylene (Scheme 1).10a This work applied
for the ﬁrst time the strategy of chelation-assisted CH activation
in isoquinoline synthesis. However, the reaction necessitated a
highly elevated temperature (150 C) and led to two different iso-
quinoline derivatives. Several mechanistic observations are worth
noting as follows: (1) ortho-alkenylated imines were obtained at a
lower temperature, (2) a pair of 3,4-dihydroisoquinolines were iso-
lated from the catalytic reaction, and (3) heating the 2-alkenyl ace-
tophenone with benzylamine at 170 C resulted in the expected
isoquinolines (Scheme 1). Based on these results, the authors pro-
posed a plausible reactionmechanism involving ortho-alkenylation,
6p-electrocyclization, intermolecular nucleophilic substitution, and
dehydrogenative aromatization. To explore more synthetically use-
ful protocols, substrate reﬁnements have been performed since
then,mainlywith respect to the leaving group on the nitrogen atom.
In 2009, Fagnou et al. revealed the Rh(III)-catalyzed synthesis of
1-unsubstituted isoquinolines by oxidative annulation between N-
t-Bu aromatic aldimines and internal alkynes (Scheme 2).10b
Employment of t-Bu as a leaving group, which was eliminated as
isobutene in the reaction process, obviated the generation of afore-
mentioned mixture of isoquinolines. Nevertheless, the substrate
scope was limited to aldimines and internal aliphatic alkynes,
and stoichiometric use of Cu(OAc)2H2O as an external oxidant
was indispensable to regenerate the active Rh(III) catalyst in the
reaction. Mechanistic study excluded the ortho-alkenylation/6p-
electrocyclization/oxidation pathway and unraveled the key role
of Rh(III) in the CN reductive elimination.Almost at the same time, Satoh and Miura et al. exploited Rh(III)
catalysis in the oxidative cyclization of N-H benzophenone imine
and internal alkynes (Scheme 3).10c Both aromatic and aliphatic
alkynes were amenable to this protocol. And again, superstoichio-
metric Cu(II) salt was necessary in the reaction to establish a closed
catalytic cycle.
In 2014, we reported the dehydrogenative annulation of
N-unsubstituted imines and alkynes to expediently furnish iso-
quinolines by Mn(I)-catalyzed CH/NH activation (Scheme 4).10d
The reaction was unique in that it produced H2 as the predominant
byproduct and eliminated the need for an oxidant, in sharp con-
trast to the related CH activation/annulation reactions leading
to isoquinolines where an external or internal oxidant (vide infra)
was generally needed. The reaction exhibited a remarkably broad
scope of substrates; a wide spectrum of NH imines and alkynes
was well tolerated. Although terminal alkynes were often challeng-
ing substrates for Rh-, Ru-, Pd-, and Ni-catalyzed annulations pre-
sumably owing to alkyne dimerization10b or cyclotrimerization,13a
various terminal alkynes proved to be highly amenable to the
Mn(I) catalytic system. The authors managed to isolate the key
ﬁve-membered manganacyclic intermediate and elucidate the
pivotal role of Mn(I) in inducing CH/NH cleavage and CC/CN
formation. It should be pointed out that the [4+2] cyclization
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Rh(I) catalysis was also observed by Zhao et al. in 2010 using PPh3
as a crucial ligand.10e Despite the near-quantitative conversion of
the starting material, only 50% yield of the expected isoquinoline
was obtained.
From amines
With the NH imine-based isoquinoline synthesis secured
(Scheme 3), Satoh and Miura et al. further undertook the oxidative
annulations using readily available primary benzylamines in place
of N-H benzophenone imine with internal aromatic alkynes
(Scheme 5).11a This method was applicable to (1-naphthyl-
methyl)amine and benzylamines bearing electron-donating
groups, while a low yield was obtained in the case of 4-chloroben-
zylamines. Of note, a large excess (4 equiv) of the copper oxidant
was required in this protocol. Moreover, the reactions of aliphatic
alkynes led to isoindoles rather than isoquinolines. Mechanisti-
cally, treatment of (1-naphthylmethyl)amine with the Rh(III)-
Cu(II)-DABCO system in the absence of an alkyne afforded the
oxidation/condensation product, suggesting that dehydrogenation
of the amine to give rise to the corresponding NH imine might
occur prior to CH activation.
The amine-based oxidative annulation was advanced in 2013 by
the group of Urriolabeitia, who established the Ru(II)-catalyzed
oxidative coupling of a broad range of benzylamines with internal
alkynes (Scheme 6).11b It should be noted that the reaction of aro-
matic alkynes generated the expected isoquinolines, which further
underwent a second CH activation at the 3-phenyl ring to afford
oleﬁnated isoquinoline derivatives. Cycloruthenation of the amine
was detected by 1H NMR spectroscopy during the reaction, which,
together with additional mechanistic facts, militated against the
involvement of an NH imine in the CH activation step. Thus,
the amine-directed cyclization to give 1,2-dihydroisoquinolines
followed by dehydrogenation might account for the isoquinoline[Cp*RhCl2]2 (2 mol%)
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Scheme 5. Rh(III)-catalyzed isoquinoline synthesis from benzylamines.formation. Almost at the same time, Jun et al. reported the
Rh(III)-catalyzed synthesis of isoquinolines from primary amines
and internal aliphatic alkynes.11c Again, the authors proposed the
direct participation of benzylamines in the CH activation step
without their preliminary oxidation to NH imines.
From amidines
In 2011, Li et al. described the Rh(III)-catalyzed coupling of
N-aryl or -alkyl benzamidines with internal alkynes affording
previously less accessible 1-aminoisoquinolines (Scheme 7).12 Interest-
ingly, dual oxidative cyclization occurred with ortho-substituted
benzamidines, furnishing indole-isoquinoline biheteroaryls. The
authors rationalized this extraordinary result by steric assistance:
after the formation of the isoquinoline moiety, the steric repulsion
between the ortho-substituent and the N-phenyl ring made these
two groups stay away from each other, leading to a conformation
that was suited for CH activation.
From oximes
Unlike the aforementioned oxidative couplings mediated by
stoichiometric Cu(II) salts, a novel redox-neutral strategy that uti-
lizes the NO bond in the directing group as an internal oxidant
has emerged for CN bond formation and catalyst turnover.
In 2009, Cheng et al. demonstrated an elegant isoquinoline syn-
thesis via Rh(I)-catalyzed dehydrative annulation of aromatic
ketoximes and alkynes (Scheme 8).13a It was not surprising that
aryl alkyl acetylenes were converted into isoquinolines with the
aryl group being disposed adjacent to the nitrogen atom, which
was consistent with the regioselectivity observed in other related
reactions.10,11 Obscurely, the reaction of phenylacetylene, as an
example of aromatic terminal alkynes, sluggishly delivered the
isoquinoline with the phenyl substituent located at 4-position.
This protocol was not applicable to benzaldoximes, likely due to
their kinetically favorable isomerization to amides under Rh(I)THF, 85 °C, 13 hNH
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alkenylated oxime and its successful conversion to the
corresponding isoquinoline in the absence of the Rh catalyst
strongly supported the 6p-electrocyclization mechanism for the
CN bond-forming step.
In 2011, Li et al. applied Rh(III) catalysis to the coupling of
oximes with internal alkynes, which proceeded smoothly at a
signiﬁcantly declined temperature with the aid of a catalytic
amount of CsOAc (Scheme 9).13b,15 Benzaldoximes, which was
found incompatible with the Rh(I) system,13a participated in the
present reaction to provide the expected isoquinolines, albeit in
low yields. Through mechanistic experimentation, the authors
ruled out the intermediacy of alkenylated oximes and isoquinoline
N-oxides in the reaction, and proposed the involvement of CN
reductive elimination from the Rh(V) center. In the same year,
the group of Rovis described a similar Rh(III)-catalyzed process
using K2CO3 as a stoichiometric additive.13c,15
In 2012, Jeganmohan et al. described the Ru(II)-catalyzed
NaOAc-promoted cyclization of ketoximes with alkynes, which
displayed a strikingly wide substrate scope (Scheme 10).13d
Notably, the reaction was compatible with various sensitive
functional groups (I, OH, etc.), and complete regioselectivity was
observed with unsymmetrical alkynes. Moreover, O-methyl ketox-
imes were also suitable substrates in this system, with slightly
inferior reactivity to those of the corresponding O-unsubstituted
oximes. Mechanistic observations revealed that NaOAc served as
an efﬁcient base to facilitate CH bond cleavage and initiated the
catalytic cycle. Shortly after this work, Ackermann et al. reported
a similar annulation reaction which was conducted at 60 C underthe catalysis of the same Ru(II) complex with KPF6 as a cocatalytic
additive.13e
A Ni(0)-catalyzed annulation of diaryl ketoximes and internal
alkynes was developed to prepare isoquinolines by Kurahashi
and Matsubara et al. in 2011 (Scheme 11).13f The reaction was
plagued by competitive formation of isoquinoline N-oxides. To
circumvent this issue, O-benzyl oximes were used in place of
O-unsubstituted ones, which resulted in the only formation of
isoquinolines with moderate reaction yields and regioselectivity
(in the cases of unsymmetrical alkynes).
As reported by Glorius et al. in 2012, treatment of oximes with
alkynyl MIDA (N-methyliminodiacetic acid) boronates under
Rh(III) catalysis in the presence of a weak base gave the 3-boronat-
ed isoquinolines in modest yields (Scheme 12).13g The boron
substituent attached could serve as a convenient handle for further
synthetic elaborations such as Suzuki–Miyaura coupling reactions.
In 2012, the group of Hua developed an efﬁcient one-pot
synthesis of isoquinolines by three-component coupling of
aromatic ketones, hydroxylamine, and alkynes (Scheme 13).13h
The reaction proceeded via the in situ generated ketoximes.
In 2008, Neuville and Zhu et al. disclosed the Pd-catalyzed
annulation of O-perﬂuorobenzoyl diaryl ketoximes with internal
alkynes (Scheme 14).13i Remarkably, the highly reactive benzynes
generated in situ efﬁciently coupled with acyloximes affording
phenanthridines. Unfortunately, the reaction did not work with
ordinary alkynes except dimethyl acetylenedicarboxylate (DMAD),
which reacted under vigorous conditions leading to isoquinoline-
3,4-dicarboxylates.
In 2010, Chiba et al. employed the Rh(III)-NaOAc catalytic sys-
tem in the isoquinoline synthesis from O-acetyl ketoximes and
internal alkynes (Scheme 15).13j Mechanistically, 6p-electrocycli-
MeOH, 60 °C, 18 hO
+
R3 R4
N
R2
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R4R
1 R
1
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NH2OH·HCl
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Scheme 13. Rh(III)-catalyzed isoquinoline synthesis by three-component coupling.
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ways. It is important to note that anti-ketoximes with the OAc
group anti to the aryl moiety proved to be promising precursors
to isoquinolines, whereas syn-ketoximes turned out to be inert
for isoquinoline formation. For example, when the syn-O-acetyl
oxime derived from E-chalcone was subjected to the reaction con-
ditions, only deacetylation was observed without formation of the
expected isoquinoline.
The stereochemical requirement of oximes (i.e., the O atom
should be anti to the aryl ring) could be attributed to the CH
activationmechanismwhere the lonepair of the sp2 nitrogen should
be syn to the aryl moiety to direct the metal center to the ortho-
position. This prerequisite could be a stumbling block to thesynthetic application especially in the case of ketoximes bearing a
bulky substituent on the aryl-attached sp2-carbon. For instance,
the condensation between isobutyrophenone and hydroxylamine
provided a syn, anti-mixture of oximes in almost 1:1 ratio,16 half of
which failed to deliver the corresponding isoquinoline (Scheme16).13k
A similar problem was also encountered by Hua et al. while
exploring their three-component reaction (Scheme 13).13h
Solutions were brought forward by Chiba et al. to circumvent
the above-mentioned problem. For one thing, stimulated by the
structural analogy of acyclic anti-O-acetyloximes with 5-isoxazol-
ones which was easily accessible from b-keto esters, sterically
congested cyclic oximes were utilized to realize the synthesis of
isoquinolines bearing a bulky group at 1-position (Scheme 17).13j
For another, a robust Rh(III)/Cu(I) bimetallic system was devel-
oped, where Cu(I) served to initiate the reaction via the reductive
NO bond cleavage followed by transmetallation to generate the
iminyl-Rh(III) species (Scheme 18).13k As iminylmetal species could
be free to isomerize between anti- and syn-isomers,17 both syn- and
anti-ones were successfully transformed into isoquinolines.
In 2011, Guimond et al. performed the mechanistic study on
Rh(III)-catalyzed base-promoted reactions of O-acyl oximes and
alkynes and found that the free oximes formed in situ via the basic
R2
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Scheme 22. Rh(III)-catalyzed isoquinoline synthesis from ketazines.
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Scheme 23. Rh(III)/Cu(I)-catalyzed isoquinoline synthesis from a-aryl vinyl azides.
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related isoquinoline syntheses.13l
In 2014, the group of Glorius showcased the Rh(III)-catalyzed
C–H activation/cyclization/isomerization strategy to prepare
isoquinolines with complete regioselectivity from O-pivaloyl
ketoximes and 1,3-dienes, providing an important complementary
method to those relying on alkynes (Scheme 19).13m Various
electron-deﬁcient 1,3-dienes could be efﬁciently converted into
3-alkyl-substituted isoquinolines under redox-neutral conditions,
while the reaction of electron-neutral dienes proceeded in the
presence of stoichiometric AgOAc furnishing 3-alkenylated
isoquinolines.
From hydroximoyl halides
In 2013, Jeganmohan et al. applied the Ru(II)-NaOAc system
(Scheme 10) to the cyclization of O-methylbenzohydroximoyl
halides with internal alkynes (Scheme 20).18 The reaction products
depended on the nature of the groups on the para-positions of the
hydroximoyl halides. 1-Haloisoquinolines were obtained from
para-alkyl benzohydroximoyl halides, whereas those bearing
halogen substituents resulted in 1-alkoxyisoquinolines. In the
latter case, the halo atom was replaced by the alkoxy group from
the solvent triﬂuoroethanol (TFE). The reason for the observed
different reactivity patterns was most probably the electron-
donating effect of the alkyl groups which suppressed the nucleo-
philic substitution by TFE. The fact that the hydroximoyl halide
did not react with TFE in the absence of an alkyne clearly revealed
that substitution might take place after alkyne insertion.
From hydrazones
The strategy that exploits the directing group itself other than
N–O bond as an oxidant has also been applied to isoquinoline
synthesis from hydrazones.
In 2013, Cheng et al. reported the Rh(III)-catalyzed redox-
neutral annulation of N,N-dimethyl hydrazones and alkynes, where
the N–N bond worked as an internal oxidant (Scheme 21a).19a
Importantly, acetic acid was a determinant for the success of the
reaction, which was speculated to protonate the dimethylamino
group and make it a better leaving group. This approach exhibited
comparable applicability with that of the reactions between oxi-
mes and alkynes. Of note, hydrazones derived from benzaldehydes
and terminal alkynes still remained unsuitable substrates for the
present reaction.
During the same period, the groups of Xu19b and Li19c reported
the Rh(III)-catalyzed oxidative coupling of internal alkynes with
N,N-diethoxyphosphoryl hydrazones (Scheme 21b) and N,N-ethyl-
ene hydrazones (Scheme 21c), respectively. Intriguingly, both ofMeOH, 90 °C, 8 hN
+
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Scheme 21. Rh(III)-catalyzed isoquinoline synthesis from hydrazones bearing
different leaving groups.the reactions occurredwith the existence of stoichiometric amounts
of a Cu(II) salt, in contrast to Cheng’s system (Scheme 21a).
From azines
In 2014, Huang et al. reported the Rh(III)-catalyzed aerobic
annulation reaction between ketazines and internal alkynes in
the presence of PhCO2H as an additive (Scheme 22).20 The reactiv-
ity of azines herein was quite distinctive compared with those of
oximes and hydrazones. The leaving group on the nitrogen atom
of the ketazines acted as not only an internal oxidant but also a via-
ble substrate. The initial redox-neutral coupling of ketazines with
alkynes produced isoquinolines along with N–H imines, which fur-
ther underwent oxidative cyclization with alkynes to give isoquin-
olines. PhCO2H was considered to promote the molecular oxygen
to oxidize Rh(I) to regenerate active Rh(III).
From azides
In 2011, Chiba et al. elegantly described a novel synthesis of iso-
quinolines from a-aryl vinyl azides and internal alkynes by Rh(III)/
Cu(I) bimetallic cooperation (Scheme 23).21 Mechanistic data were
collected to support the proposal that, Cu(I), which was generated
in situ from Cu(II) and DMF, played its particular role in reducing
the vinyl azide into an N–H imine which then directed Rh(III) tot-amyl alcohol
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Scheme 24. Rh(III)-catalyzed isoquinolinium salt synthesis from benzaldehydes,
amines, and alkynes.
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Scheme 25. Ru(II)-catalyzed isoquinolinium salt synthesis from benzaldehydes,
primary amines, and internal alkynes.
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Scheme 27. Rh(III)-catalyzed isoquinolinium salt synthesis from secondary
benzylamines.
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Scheme 28. Rh(III)-catalyzed synthesis of isoquinoline N-oxides from oximes and
diazo compounds.
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ilar to that of the Rh(III)/Cu(I)-catalyzed cyclization of oximes and
alkynes (Scheme 18).
Synthesis of isoquinolinium salts via CH activation
Isoquinolinium salts are commonly occurring structural motifs
found in numerous natural products with varied bioactivities.22
They are also versatile building blocks for the construction of var-
ious natural products and bioactive molecules.23 Traditionally they
were synthesized from isoquinolines and alkyl halides. Provided
with the successful precedent set by isoquinoline synthesis, the
pursuit of isoquinolinium salt synthesis via C–H activation has
ensued recently.
From imines
In 2008, Jones et al. showed the stoichiometric Rh(III)-mediated
reaction of N-benzylidenemethylamine with DMAD leading to the
corresponding isoquinolinium salt.24a Inspired by this work, Cheng
et al. developed the Rh(III)-catalyzed synthesis of isoquinolinium
salts from benzaldehydes, primary amines, and internal alkynes
through C–H activation and annulation in 2012 (Scheme 24).24b
This is the ﬁrst letter for the synthesis of isoquinolinium salts by
catalytic C–H activation. It is noteworthy that the current protocol
was then successfully applied to the total synthesis of the isoquin-
olinone alkaloid oxychelerythrine. Since the reaction of ketones
with amines forms ketimines and water is in general thermody-
namically unfavorable, pre-synthesized ketimines were reacted
with internal alkynes under the same conditions to prepare 1-
substituted isoquinolinium salts.24c The same group showed that
the three-component coupling could also be achieved using a
cheaper Ru(II) catalyst (Scheme 25).24d
Since the stoichiometric use of Ag(I) and/or Cu(II) salts in
Cheng’s method was needed to sustain the catalytic cycle leading
to low atom economy, the group of Huang embarked on exploring
a more cost-effective way to synthesize isoquinolinium salts. In
2013, they uncovered the Rh(III)-catalyzed oxidative annulation
of 2-phenylpyridines or N-benzyl benzaldimines with internalRh
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Scheme 26. Rh(III)-catalyzed isoquinolinium salt synthesis from 2-phenylpridines
or N-benzyl benzaldimines with internal alkynes.alkynes exploiting O2 as the oxidant (Scheme 26).24e Notably, the
authors successfully obtained the ﬁve-membered rhodacyclic com-
plex from the stoichiometric reaction of Cp*Rh(H2O)3(OTf)2 with
2-phenylpridine, which reacted quickly with diphenylacetylene
at room temperature to afford the sandwich-type Rh(I) complex
with the pyridoisoquinolinium moiety bound to the metal center
through g4 coordination. This result suggested a Rh(III)–Rh(I)–
Rh(III) catalytic cycle for the reaction. Closely following Huang’s
work, a similar report by Cheng et al. appeared on the Rh(III)-cat-
alyzed coupling of N(sp2)-containing heterocycles with internal
alkynes under O2 at ambient temperature.24fFrom amines
In 2013, Jun et al. described the Rh(III)-catalyzed oxidative
annulation of benzylamines with internal alkynes.11c The reaction
of primary benzylamines, as aforementioned, led to isoquinolines,
while secondary and tertiary ones participated in the reaction to
afford isoquinolinium (Scheme 27) and hydroisoquinolinium salts,
respectively.Synthesis of isoquinoline N-oxides via CH activation
Traditionally, isoquinoline N-oxides were prepared via N-oxida-
tion of isoquinolines by various oxidants such asmCPBA, H2O2, and
MeReO3/H2O2.25 However, the heterocyclic precursors need to be
prepared in advance and potential over-oxidation could be a
hurdle.
In 2013, the group of Glorius disclosed the Rh(III)-catalyzed
coupling of oximes with electron-deﬁcient diazo compounds to
give isoquinoline N-oxides possessing electron-withdrawing sub-
stituents at the 4-position (Scheme 28).26 The reaction obviated
the use of oxidants, released H2O and N2 as byproducts, and dis-
played a broad substrate scope. Insertion of the Rh carbene into
the ortho-C–H bond followed by intramolecular dehydrative annu-
lation might account for the generation of the N-oxides. The pres-
ent catalytic system turned out to be so robust that N–H imines
5712 R. He et al. / Tetrahedron Letters 55 (2014) 5705–5713and imidates were also amenable substrates, delivering isoquino-
lines rather than the N-oxides thereof. In these reactions the diazo
compounds worked as equivalents of electron-deﬁcient alkynes,
enriching the product diversity of isoquinoline synthesis.
Conclusion
In this digest, recent advances in the synthesis of isoquinolines,
isoquinolinium salts, and isoquinoline N-oxides have been show-
cased by both the oxidative and redox-neutral coupling reactions
via chelation-assisted transition-metal-catalyzed C–H activation.27
Nevertheless, great challenges still remain in this ﬁeld. First, the
product diversity should be further expanded when considering
the vast number of valuable isoquinoline derivatives. With the
pre-existence of proper functionalities in the aryl moieties of the
directing-group-containing substrates, a variety of isoquinolines
with functionalized benzene part have been readily available,
while the access to those possessing highly functionalized N-het-
erocyclic part (e.g., 3-, or 4-halogenated or -oxygenated isoquino-
lines) remains elusive by the present methodologies based on
chelation-assisted C–H activation. Second, new strategies are in
great need to enhance the regioselectivity of the current protocols.
When two C–H bonds adjacent to the directing groups are avail-
able in the aryl substrates, the problem of regioselective C–H cleav-
age needs to be tackled. Also, in most cases, isoquinolines derived
from unsymmetrical alkynes have been limited to those bearing
the more sterically hindered substituent or the aromatic one at
the 3-position. Regiochemical reversal of these cases as well as reg-
ioselective coupling of sterically unbiased internal alkynes has yet
to be achieved. Last but not the least, the huge potential of the
abundant and low-cost transition metals (e.g., Mn and Fe) in iso-
quinoline synthesis has been largely unexplored.10d Majority of
the successful protocols have been limited to noble transition met-
als like Rh and Ru. Thus, investigations of the catalytic activities of
ﬁrst-row transition metals are expected to be conducted to
develop novel and economical reactions for isoquinoline synthesis.
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